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team looked at satellite measures 
of sea surface temperatures 
for the wintering grounds of 24 
humpback whale populations 
around the world. In all cases, the 
animals were opting for waters 
between 24 and 25ºC. The whales 
in this study would have had to 
continue north of the Equator to 
find water this warm. Rasmussen 
believes that a high enough 
water temperature is crucial for 
them to breed. “It’s likely that 
being in warm water is somehow 
beneficial to the calf”, she says.
The researchers sighted a 
total of 207 whales off Central 
America in 2001–2004 winter 
surveys. Mother–calf pairs, 
groups of competing males 
and singing males were all 
recorded. Forty- one whales 
were individually identified 
photographically: of these, seven 
were also photographed off the 
Antarctic peninsula. Three of 
these whales were seen within 
the same year: one off Costa 
Rica 262 days after it was seen in 
Antarctica and two — a mother 
and calf pair — off Antarctica 161 
days after being seen off Costa 
Rica. The researchers calculated 
that the distances between these 
two sites ranged from 8300 
kilometres to 8460 kilometres.
The researchers also found 
that the wintering areas off 
Central America were the chosen 
favourite locations for northern 
humpback whales migrating 
from the Arctic. “Eastern North 
and South pacific populations 
share genetic traits indicating 
a trans- equatorial exchange, 
probably off Central America,” 
the authors write.
“Our analysis shows that 
worldwide humpback whale 
wintering areas are found in warm 
coastal waters irrespective of 
latitude,” the authors write.
“In the ongoing debate on the 
reasons for migration, this result 
supports previous ideas linking 
temperature at the wintering area 
to energetic strategies.”
The authors suggest that, as 
in terrestrial mammals, energy 
conserved during offspring 
development can be devoted to 
growth, leading to larger size and 
increased reproductive success 
in adulthood.Q & A
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the war in Vietnam, he received a 
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the University of British Columbia. 
Facing a prospect of working in a 
biophysics lab on calcium channels 
in a medical school in Canada, or 
going to sea as an oceanographer, 
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What turned you on to science 
in the first place? Certainly not 
school or because my parents 
were scientists — neither knew 
about science. I started to be 
interested in animal behavior 
and, as a child, I spent many 
hours wandering through the 
American Museum of Natural 
History, which was a 15 minute 
bus ride from my apartment. I 
loved the old museum, which had 
many dioramas, invertebrates 
preserved in formalin in dusty jars, 
and even a ‘live animal center’ 
with a pet skunk, fish tanks and 
a tarantula. When I was about 
10, my father bought me an 
inexpensive microscope from the 
museum shop, and I started to 
look at the organisms in my own 
fish tanks. I took out books from 
the local library to identify the 
various ciliates and algae, and I 
was hooked on learning all about natural history. When I entered 
college, I was so turned off by 
basic (boring) biology courses, 
that I became a philosophy major. 
It was only in my third year, after 
taking courses in logic, that I could 
go back to studying physical 
sciences seriously. I then became 
much more immersed in chemistry, 
biology and that quaint science of 
‘natural history’, which has virtually 
disappeared from our vocabulary.
How did you become 
interested in the oceans 
and biogeochemical cycles? 
Everyone loves to talk about the 
romantic lure of the sea — and to 
some extent, it is real. But I only 
started to seriously think about 
the oceans in graduate school. At 
that time I focused on little, well-
defined processes, such as anion 
transport across membranes, 
what determines phytoplankton 
growth rates, and so on. In those 
days (believe it or not), not many 
people were using biochemical or 
biophysical (let alone molecular 
biological) tools to understand how 
organisms worked in the oceans. 
In the late 1970s the Department 
of Energy established an Office 
of Carbon Dioxide research, and 
I spent a significant amount of 
time trying to understand the 
role of the oceans in the global 
carbon cycle. As a biologist with 
a new and increasing interest in 
basic photosynthetic processes, it 
took me some time before I could 
understand how biological carbon 
fixation is related to geological 
deposition of organic matter in 
marine sediments — and the 
incredible extent to which humans 
have disrupted the carbon cycle. 
To this day, I spend a lot of time 
working on and thinking about 
the evolution of biogeochemical 
cycles, which I find to be a 
fascinating topic. 
Do you have a favourite 
paper? One of my favourites 
is R.J.P. Williams’ 1981 paper 
‘Natural selection of the chemical 
elements’ (Proc. R. Soc. Lond. B 
213, 361–387). That paper, which I 
came across about 15 years ago, 
presented a fountain of extremely 
well thought-out concepts about 
how basic metabolic pathways 
evolved and it truly inspired me. 
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R302What is the best advice you’ve 
been given? I was hired, after 
a very brief post-doc, to work at 
Brookhaven National Laboratory. 
I was only 25 at the time and was 
looking for interesting questions 
in biology and oceanography. Bill 
Siegelman, a senior biochemist 
who co-discovered phytochrome, 
and was working on the structure 
of cyanobacterial phycobilisomes, 
took it upon himself to be my 
mentor, although the Laboratory 
did not have a formal mentoring 
system in place for young 
scientists. Bill advised me that, 
whatever I did for my doctorate 
research was history — and I 
should move on to new areas. I 
took that to heart — and to this 
day, all post-docs in my laboratory 
are guided to work on something 
completely different from what they 
worked on as a graduate student. 
My best advice to people thinking 
of a career in biology is to enjoy 
the prospect of being a student for 
the rest of your life. That means 
accepting that you should always 
learn something every day — and 
while we can collectively ‘master’ 
a topic, individually we really don’t 
know very much. This approach 
may not win Nobel Prizes, but it 
certainly gives one insight into 
the complexity and richness of 
biological processes. It also is a lot 
more fun than becoming obsessed 
with one topic for your whole 
career. It is like taking an extended 
trip to a new place every five years 
or so — and really getting to live 
with the ‘natives’ and speak their 
language.
If you knew what you know 
earlier on, would you still 
pursue the same career path? 
No — I would have stopped 
working on some trivial things and 
focused on how biological and 
geological processes intersect 
much earlier. I regret now not 
having had more interest in 
inorganic chemistry when I was 
younger — it would have saved me 
a lot of time.  
I am very glad, however, that I did 
not start my career in a university, 
working my way up through the 
ranks. That system is brutal. But 
I am also delighted that I left 
the National Laboratory system 
to join a university in a senior position. National Laboratories 
are extremely interesting places to 
work for younger scientists; there 
are amazing resources available, 
and lots of really interesting people 
with whom to interact. I should 
have left the National Laboratory a 
decade earlier than I did — but my 
biggest surprise was that when I 
came to Rutgers University I was 
hired in a Geological Sciences 
Department. I was the only biologist 
in the Department — and knew 
very little hard-rock geology. 
However, as a biologist, it has been 
extremely rewarding to work with 
geologists — and I am grateful 
to my colleagues for accepting 
me. I learned much more from my 
geological colleagues about the 
evolution of biological processes 
in relation to earth systems than I 
ever would have learned had I been 
appointed in a biology program.
Do you have a scientific hero? 
One of my heroes was the late 
Jack Myers — an incredible algal 
biochemist/physiologist. It seemed 
that every time I had an “original” 
idea, when I delved into the 
literature, I found Jack had written 
a paper on the subject 20 years 
earlier. In the days before email, 
Jack and I would talk on the phone 
at least once a week – and it was 
from him that I learned a lot of basic 
biophysics of photosynthesis. My 
biggest surprise, however, was 
when one of my daughters, who 
was about eight at the time, brought 
home Highlights magazine, a 
magazine for children. I discovered 
that Jack (a member of the National 
Academy of Science) was the 
editor of the science section. In all 
the years I knew Jack, he never 
discussed his ‘other job’ and it 
wasn’t until he died in January of 
this year that I discovered that this 
second job was more important to 
him. I think probably Jack turned 
more little kids onto science than 
any other scientist I know. 
What is your greatest research 
ambition? My biggest dream is 
to help construct the geosystems 
biology of our planet. That is, to 
understand how non-equilibrium 
redox reactions, which are the 
core chemistry of life, evolved 
and became so ‘hard wired’ in 
microbial genomes. Fundamentally, the two biggest 
questions that drive me are 
“Where did we come from?”, and 
“Are we alone?” The latter almost 
certainly will be answered in my 
children’s lifetime — at least in 
so far as our technology permits. 
I joined the Scientific Working 
Group of NASA’s Terrestrial Planet 
Finder mission (surprisingly to 
me, I am the only biologist on the 
SWG); that mission, or a European 
incarnation, is designed to find 
terrestrial planets 10 to 15 parsecs 
from Earth (which covers a lot of 
stars in our neck of the galaxy) 
and describe their atmospheric 
spectra in the visible and infra red.
Where we came from is not 
a question many people ask 
directly — and I think it is kind of a 
shame that more research money 
is not available for that type of 
question. I try to cobble together 
funds to address it — and hope I 
can make some dent over the next 
5 years or so.
What do you think are the 
big questions to be answered 
next in your field? The biggest 
challenge in science is that we are 
becoming much too fragmented. 
Chemists can barely understand 
biologists and biologists barely 
understand quantum physics, 
yet all these aspects of science 
are important to understanding 
how metabolic pathways 
evolved and structured the 
chemical composition of Earth’s 
atmosphere, ocean, and terrestrial 
environments. Over the next 
50 years, as greenhouse gases 
increasingly alter climate and 
more natural resources become 
depleted by humans, scientists 
will be increasingly called upon 
to help steer the Earth’s systems 
back towards a more stable 
state. Understanding of Earth’s 
systems will require a major effort 
in integrating knowledge — and 
frankly, I see too much pull in the 
scientific community to go the other 
way — towards fragmentation. 
It is very hard to reverse this 
process – but we must try. 
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